It is presently an established fact that pancreatic enzymes (amylase, lipase, and trypsin) can enter the bloodstream as well as the intestine. These enzymes normally circulate within the bloodstream in definite concentration ranges. There is a lack of available information on the interrelationships between the enzymatic activities in pancreatic juice and blood serum in poultry. The study presented was aimed at the determination of possible correlation between the activities of the digestive enzymes in pancreatic juice or pancreatic tissue and in blood serum in chicken. The study was performed on Leghorn cockerels with chronically fistulated main pancreatic duct, and broiler chicks at different ages (14, 24, 28, and 35 days). Activities of all digestive enzymes in pancreatic juice in cockerels were found to grow in 1 hr after the feeding: amylase by 1.8 times, lipase 1.5 times, and proteases 1.3 times compared to basal level (after starving). Activity of trypsin in serum significantly increased by 67.4% in 1 hr after the feeding (P < 0.001) while activities of amylase and lipase remained at their respective preprandial levels. The activities of pancreatic enzymes in the pancreas and blood serum in broilers at different ages were positively correlated: r = 0.54 for amylase, r = 0.96 for lipase, and r = 0.99 for trypsin. The strong positive correlation between tryptic activities in the pancreas or pancreatic juice and in blood serum in chicken can be a starting point for further research on the functions of circulatory trypsin which can include the regulation of exocrine pancreatic activity and other vital functions.
creatic acinar cells including main pancreatic enzymes (amylase, lipase, and trypsin) can enter the bloodstream as well as the intestine [1] [2] [3] . These enzymes normally circulate within the bloodstream in definite concentration ranges though physiological functions of the circulatory enzymes especially pancreatic proteases still remain unclear. There was a hypothesis by Laporte and Tremolieres [4] that circulatory proteases can regulate exocrine secretion of the pancreas: the increase in circulatory trypsin leads to the decrease in pancreatic secretion of digestive enzymes while intravenous injection of trypsin inhibitor leads to the increase in pancreatic secretion. Natural stimuli of the digestion (i.e. gastric digesta entering the small intestine) activate the synthesis of cholecystokinine in the duodenum; this hormone inactivates circulatory trypsin and eliminates inhibiting effect of the latter on pancreatic enzyme secretion hence restoring exocrine activity of the pancreas [5] . The recirculation of proteolytic enzymes was also hypothesized by the analogy of biliary acids [6] [7] . Trypsinogen entering the duodenum within the pancreatic juice after activation by duodenal enterokinase hydrolyses proteins and peptides to amino acids in the small intestine with subsequent absorption of the amino acids into the bloodstream; after that a part of the proteases enters the bloodstream where become inactivated by circulatory protease inhibitor(s) with possible return to the pancreas.
The correlations between the activities of pancreatic enzymes in the pancreas and blood serum were studied in pet animals (e.g. dogs) as related to the acute and/or chronic pancreatitis; exocrine pancreatic insufficiencies in poultry are considered less significant and hence these interrelationships in avian species are still understudied [8] . There is a lack of available information on the interrelationships between the tryptic activities in pancreatic juice and blood serum in poultry [3] . The study presented was aimed at the determination of possible correlations between the activities of the digestive enzymes (including proteases) in pancreatic juice or pancreatic tissue and in blood serum in Leghorn cockerels and broiler chicks.
Material and Methods

Study on Leghorn Cockerels
The study was performed on 15 Leghorn cockerels raised in the Institute's vivarium until 2 months of age. Five cockerels were then operated to install chronic fistulae into the main pancreatic duct according to the method developed by Batoev and Batoeva [9] and detailed in our previous work [10] to study the enzymatic activities in pancreatic juice. First samples of the juice (portion secreted during 30 min) were taken at 9 am after 16 hrs of starving; then the birds were fed 30 g of standard corn-wheat diet (ME 270 Kcal/100 g, crude protein 16%, crude fat 3.6%, crude fiber 5.0%) with subsequent sampling of juice during 2.5 hrs with the same sampling periods of 30 min.
Blood samples (2 -3 ml, n = 18) were concurrently taken from the axillary vein of the intact starved cockerels. Then the birds were fed 30 g of the same feed 
Study on Broilers
The age dynamics of exocrine pancreatic function was studied on broilers chicks (cross Smena-8) in conditions of the Institute's vivarium. The birds were fed 3 different corn-wheat diets for starter, grower, and finisher age periods (Table 1) .
At all studied ages (14, 21, 28, and 35 days) 20 birds were euthanized, blood samples were taken and blood serum was obtained using the method described above. Then the abdominal wall was dissected, the duodenum found, and the pancreas was withdrawn. The pancreas was weighed, homogenized with cold isotonic Ringer's solution (1200 rpm, 3 min) and left for biochemical analyses. 
Biochemical Analyses
The activities of pancreatic enzymes in pancreatic juice, blood serum, and pancreatic homogenate (in broilers) were determined using the kinetic methods.
Activity of amylase in pancreatic juice and pancreatic homogenate was determined using Smith-Roy method modified by Ugolev [11] and expressed as mg of In all cases units of the enzymatic activities are mg of the respective substrate hydrolyzed during 1 min.
The statistical analysis of the data obtained was performed using Microsoft Excel software; significances of the differences were determined using Tukey's range test at P < 0.05. The average figures are presented as average ± standard deviation.
Results and Discussion
The activities of enzymes in pancreatic juice and blood serum can be influenced by different factors. Ingestion of feed and its movement down the gastro-intestinal tract is a powerful stimulator of exocrine pancreatic secretion;
during the first minutes after the feeding amounts of juice and enzymes within the juice rise substantially compared to the corresponding preprandial levels (in starved birds) due to the complex-reflex phase of regulation [10] .
The data of our experiment on cockerels evidence that the enzymes differ in while activity of protease in 90 min. The increase in amylase activity was 1.8 times; lipase 1.5 times, and proteases 1.3 times compared to preprandial levels.
After reaching their maximums the activities of all the enzymes slightly decreased (lipase first, then amylase and proteases) with subsequent rise corresponding to the neuro-humorous phase of regulation of pancreatic secretion related to the entry of the digesta into the duodenum.
The data on the postprandial changes in the activities of pancreatic enzymes in blood serum are presented in Table 2 . At 1 hr after the feeding average activity of trypsin in serum significantly increased by 67.4% (P < 0.001) while activities of amylase and lipase remained close to their preprandial levels. Our data suggest that tryptic activities in pancreatic juice and blood serum grow in parallel after the feeding ( Figure 1 , Table 2 ); this finding is in disagreement with the data reported by Laporte and Tremolieres [4] who found the inverse correlation for serum in rats, probably due to the differences in the methods used for the quantification of tryptic activity.
It should be noted that live bodyweight positively correlated with tryptic activity in serum in both starved and fed cockerels (Pearson's correlation coefficients r = 0.44 and 0.40, respectively), unlike the activities of amylase (r = 0.10 and 0.25) and lipase (r = 0.26 and 0.13); this relationship can be useful for the assessment of pancreatic health and body growth rate.
Strong and positive correlation between tryptic activities in the pancreas and blood serum was found in our experiment on broilers ( Table 3 ).
The activity of amylase in pancreatic homogenate tended to decrease to 21 days of age with subsequent increase to 35 days; the activity of pancreatic amylase in blood serum decreases with age (4. The activity of lipase in pancreatic homogenate followed a wavy pattern with maximum at 21 and minimum at 28 days of age (probably resulted from the diet change at 15 days of age) while activity in blood serum tended to increase with age. These parameters were strongly and positively correlated (r = 0.96). Lipase activities related to live bodyweight decreased with age though with lesser rate in compare to amylase.
The activity of trypsin in pancreatic homogenate decreased from 14 to 21 days of age with subsequent rise to 35 days; this parameter increased from 14 to 35 days of age by 53.6%. The tryptic activity in serum followed a similar pattern; the increase of this parameter from 14 to 35 days of age was more than 2 times.
Tryptic activities in the pancreas related to live bodyweight decreased with age, especially until 21 days of age, while tryptic activity in serum declined between 14 and 21 days of age and later remained relatively constant.
Robust and direct correlation (r = 0.99) was found between tryptic activities in the pancreas and serum, and this interrelationship is not accidental. It is well known that blood contains trypsin inhibitor(s) inactivating the enzyme entering the bloodstream. The absence of any sound correlation between tryptic and antitryptic activities in serum reported earlier [14] is in agreement with early opinion that physiological role of circulatory antitrypsin (α1-proteinase inhibitor, A1PI) is rather related to leucocytic proteases than trypsin [15] .
Conclusion
Our experimental data suggest the strong positive correlation between tryptic activities in the pancreas or pancreatic juice and in blood serum in chicken. This fact can be a starting point for further research on the functions of circulatory trypsin which can include the regulation of exocrine pancreatic activity and other vital functions related to the regulation of arterial blood pressure, inflammatory immune responses, blood clotting, etc.
